By multiplying the charged and neutral Higgses production cross section with the lepton flavor specific decay branching fractions of charged Higgs, we define a measurement which characterizes the present model. We numerically compute the measurement and find the sizable deviation from the standard model prediction.
I. INTRODUCTION
Probing the Higgs sector beyond the standard model is a main subject of new physics search in collider experiments and in flavor factories. Among them, two Higgs doublet models have been studied in their many aspects. Here we study the two Higgs doublet model in which the hierarchy of the neutrino mass and the other fermions mass is explained by two Higgs vacuum expectation values (VEVs) with large hierarchy [1, 2] . In the model, the neutrino mass is protected from the large standard model like Higgs VEV by assigning U (1) charge for right-handed neutrino and the second Higgs. The corresponding U(1) symmetry is softly broken. Moreover the tiny VEV of the second Higgs is stable against the radiative corrections, [3, 4] . In this letter, we study the production of the Higgs bosons in the second doublet in gauge bosons fusion process. A single Higgs boson production of gauge boson fusion is suppressed because the amplitude is proportional to the smaller Higgs VEV. In contrast to the single Higgs boson production, the Higgs boson pair production of gauge boson fusion is not suppressed. Therefore it is worthwhile to study the process in their detail. We study the pair production cross section of the charged Higgs and the neutral Higgs in W and Z boson fusion process. Since the neutral Higgs bosons decay into neutrino and anti-neutrino pair, they are invisible. Therefore the signal of the event is a single charged lepton of the charged Higgs decay. The standard model background of the process is related to W Z scattering process. Invisible decay of Z boson with the W decay into lepton and neutrino pair is a potential background. In this letter, we compute the differential cross section of the charged and neutral Higgses pair production cross section and compare it with W + Z pair production in the standard model. Since the charged Higgs coupling to charged lepton depends on the lepton flavor, we expect the strong flavor dependence in the charged Higgs decay while W decay is flavor independent.
The paper is organized as follows. In section (II), we study the single Higgs production.
In section (III), the Higgs pair production cross section and the angular distribution of the production cross section are studied and they are compared with the one of W +Z scattering.
Section (IV), we propose a measurement which identifies the signal and predictions are given.
A brief summary is also given.
II. A SINGLE HIGGS PRODUCTION FROM WEAK GAUGE BOSON FUSION
We study the Dirac neutrino model of [1, 2] . In this two Higgs doublet model, besides the standard model like Higgs, there are two extra neutral Higgs and one charged Higgs.
We follow the notation of [3] .
We first consider the single Higgs production with the gauge boson fusion. Denoting the standard model like Higgs as H, and the other two neutral Higges as A(CP odd Higgs) and h(CP even Higgs) respectively, the interaction Hamiltonian for gauge boson fusion to neutral Higgses is given as,
where tan β is the ratio of the two vacuum expectation values of Higgs and is given as,
where m is given as 
Then the amplitude for
where we compute the four Feynman diagrams corresponding to the s channel W + exchange( Fig. 1 ), the contact interaction ( 
with
t and u are also written in terms of the center of mass (CM) energy √ s and the scattering angle θ between W + and H + in CM frame as,
Using Eq. (3), one can compute the cross section. The unpolarized cross section of W + and Z fusion into the charged Higgs (H + ) and neutral Higgs (h)pair is given as,
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P W + and P h are momentum of W + and h in the CM frame,
In the same way as that of the CP even Higgs production, the amplitude for CP odd 
a A , b A and d A in Eq.(9) are given as, 
Since β and γ is very small and CP even and CP odd Higgses are almost degenerate, M h ≃ M A , the production cross sections for H + + h and H + + A are almost identical. Then the production cross section for charged Higgs and CP odd Higgs (A) is given as, much larger than the case that they are degenerate. We also study the dependence of the total cross section on CM energy √ s in Fig. 6 . The total cross section decreases as √ s increases. For degenerate case, the total cross section at √ s = 600 (GeV) is about 0.02 pb.
When they are non-degenerate, the cross section is much larger than that of the degenerate case as shown in Fig. 6 . The cross section for non-degenerate case is as large as 0.8 pb at √ s = 600 (GeV). 
IV. SIGNAL OF THE PAIR PRODUCTION OF THE NEUTRAL HIGGS AND CHARGED HIGGS, AND STANDARD MODEL BACKGROUND
The signals of the neutral Higgs production associated with a single charged Higgs produc- 
In the following, we propose a measurement which characterizes the present model and estimate it using the production cross section computed in the previous section. We define the ratio of the numbers of the two events, one is the number of events with a single charged lepton with three neutrinos and the other is the number of the events with a single charged lepton and a bb pair,
where the charged lepton flavor is specified as l. One can write the ratio as,
where we used the shorthand notation, Br(X → νν) = k Br(X → ν kνk ) for X = h, A, Z.
Below we compute R l . To compute R l , one needs the ratio of the cross sections for Higgs pair production and vector boson pair production. The cross section of W Z scattering is calculated [5, 6] and the ratio of the cross section,
is shown in Fig. 7 . Since Higgs pair production cross section is at most 0.8 pb while gauge bosons scattering cross section is about 200 pb, the ratio can be as large as a few times 10
In what follows, we use 6.0 × 10 −3 as a numerical value for the ratio of the cross sections of Eq.(15). The other branching fractions which appear in Eq.(14) are quoted from Particle Data Group (PDG) [7] ,
Br(Z → bb) = 15.12 ± 0.05%,
Br(Z → νν) = 20.00 ± 0.06%. For the new physics side, the neutral Higgses can only decay into neutrino and anti-neutrino pairs. Therefore, Br(h → νν) = Br(A → νν) = 100%. Using the numerical values, one can write R l (l = e, µ, τ ) as,
where Br(H + → lν) in % unit should be substituted. The charged Higgs can decay into charged leptons and neutrino. In contrast to the leptonic decay of W boson, the branching fractions are dependent on the lepton flavor as, Br(
. We update the branching fraction to each lepton flavor mode using the recent results on |V e3 |.
For normal hierarchy case, the branching fractions are written as,
In the formulae of Eq.(22), m 1 denotes the lightest neutrino mass. For inverted hierarchical case, they are written as,
where m 3 denotes the lightest neutrino mass. We have used the following value for the mixing angles [7] , sin 2 θ 12 = 0.306, sin 2 θ 23 = 0.42, sin 2 θ 13 = 0.021. We also use m As we have seen from Fig. 8 and Fig. 9 , we can expect the sizable deviation from the standard model expectation on the a single charged lepton jet production rate with large missing momentum in the neutrinophilic two Higgs doublet model. The ratio R l can deviate about 10% level. The sizable flavor dependence comes from the following reasons.
(1) The non-suppressed charged Higgs and neutral Higgs production cross section for nondegenerate charged and neutral Higgses as shown in Fig. 7 .
(2) The flavor specific charged Higgs decay into chraged lepton strongly depends on two different patterns of hierarchy of neutrino mass spectrum corresponding to the normal or inverted. It also depends on the Maki Nakagawa Sakata (MNS) matrix.
Therefore we conclude that R l is a key measurement which distinguishes the present model from the standard model. Acknowledgement T. M. was supported by KAKENHI, Grant-in-Aid for Scientific Re-
